Introduction
Asbestos gasket has superior leak prevention of piping system. Unfortunately, asbestos gasket contains extremely dangerous chemicals and it is causing serious illnesses problems. Therefore, in Japan, the production of asbestos and its usage was banned from 2008 [1] . The development of alternative gasket material to replace asbestos gasket becomes an important social issue. In the previous study, corrugated metal gasket design was developed to reduce the clamping loads and the loss of tightness of bolted flange due to the joint relaxation. A new 25A size corrugated metal gasket is designed with circumferential annular lips to produce spring effect. High local contact stress is generated on a convex portion of the gasket to obtain a low clamping load. The elastic regions on the flat sections produce the spring effect to reduce the loss of tightness of bolted. In the next study, relationship between the clamping load and the contact width for the limits size of contact width was clarified [3] . The gasket contact width is important design parameter and it can be employed to evaluate the sealing performance. The gasket design based on elastic and plastic design was investigated [5] . The flange surface roughness effect to the contact area and contact stress. The real measurement of contact width was studied with considering surface roughness and local contact stress have been examined by using numerical analysis and the distribution of contact stress has been clarified. The previous research used a single material SUS304 [6] [7] [8] . By using elastic design and plastic design mode, it can be denoting the gasket design with 1.5 and 2.5 m flange surface roughness produces no leak, but high clamping load is required. Haruyama et al. investigated the Abstract: In the previous study, corrugated metal gaskets using single material SUS 304 was developed. The corrugated metal gasket with elastic model for high surface roughness flange produce a leak due to only partial contact occurs. To increase the contact width between flange and gasket, surface layer in the both outside of gasket is required. The layer materials should softer than base material. In this study, Cu-SUS304-Cu laminated corrugated metal gasket is investigated by using computer simulation. Finite element software is used to observe contact width and contact stress on laminated corrugated metal gasket. The design parameter is pitch 1 (p1), pitch 2 (p2), pitch 3 (p3), thickness of base material (t), radius (R), height (h), and thickness of laminate (t2). Based on the helium leak data, the leakage performance of laminated corrugated metal gasket is better than previous corrugated metal gasket. The optimal design is selected by using slope of contact width and axial force curve. Taguchi method used to determine the optimum design by using L18 matrix. The optimal design of laminated corrugated metal gasket are p1 = 4.5 mm, p2 = 3.5 mm, p3 = 4 mm, t = 1.5 mm, R = 1,5 mm, h = 0.35 mm and t2 = 0.1 mm.
Keywords: Corrugated Metal Gasket, Laminated, Simulation, Optimum Design, Taguchi Method three layers corrugated metal gasket [9] . The layers consist of softer-base-softer materials. The softer materials are Nickel, Cupper or Aluminum. The average contact stress for three layers gasket was lower than single layer and the contact width for three layers gasket was wider than single layer. Karohika et al. investigated the contact stress and contact width of three layers corrugated metal gasket [10] . These studies used simulation analysis, but optimum design is not clarified yet.
Based on the reason, optimal design laminated corrugated metal gasket the corrugated metal gasket is investigated. In this study, the corrugated metal gasket modified using Cu laminated. It consists of base metal gasket and two layers of softer metal in the both outer of gasket. Contact stress and contact width are observed by using simulation analysis. The experimental result with helium leak test for previous corrugated metal gasket and laminated corrugated metal gasket will be compared.
Material and Method
The gasket used in this study is circumference beads gasket. The gasket is produced by mold press. On the condition of gasket is tightened to the flange, each bead of both surfaces created elastic effect and produce high local contact stress to prevent leakage. The dimension of gasket used is standard dimension based on JISB2404 [11] .
The base metal gasket material was SUS304 due to its effectiveness in high-temperature and high-pressure environment. The nominal stress of SUS304 is 398.83MPa, the tangent modulus is 1900.53 MPa and the modulus of the elasticity (E) is 210 GPa. The softer material should stand to high temperature and chemical substance. Cu is used for both outer layer of gasket. The nominal stress of Cu is 195 MPa, the tangent modulus is 1150 MPa and the modulus of the elasticity (E) is 115 GPa. Cupper material is softer material than SUS304 (Fig. 1) . The general-purposed flange based on JISB2220 with pressure rating 10K [12] and 25A diameter is used. The lower flange and the joint were welded carefully to avoid a distortion. In this method, the previous 25A-size corrugated metal gasket [6] is called as laminated 0.00 (SUS304).
Fig. 1 -Linear strain hardening model for SUS304 and cupper material
The three layers corrugated metal gasket is developed by using three engineering software. Firstly, 2-Dimesional flange and the gasket were built using Solid Work software. Secondly, Hypermesh software was used to mesh the model. Quadrilateral element is used due to the model dominated as rectangular section. Thirdly, the procedure file was configured to perform a pre-processing and run the model on MSC. Marc software. After the computer simulation is completed, the output file can be generated in TXT file and it converted to Microsoft Excel file. The output result contains the contact status, contact width, and contact stress. Contact width is determined from contact element number. The calculation of the contact width versus the axial force is performed by using a multi-step MACRO command.
The gasket material is assumed as deformable bodies. The dies and flange are assumed as rigid bodies. On three layers corrugated metal gasket model, boundary condition between main layer and additional layer is assumed as nonfixed condition. The simulation consists of forming and tightening simulation (Fig. 2) . Press forming is performed to produce gasket shape by a punch forces the initial material to slide into a die. Therefore, the forming effect is considered for gasket design modeling assessment. By using forming effect, the limit of contact width on the previous model which excluded forming effect for no leakage will be evaluated. For that reason, the first stage of this study is the gasket shape was produced from initial blank by using forming process simulation. The second stage is the gasket shape from forming simulation is simulated for tightening of the gasket on the flanges to ensure the contact width size. There is no difference between previous corrugated metal gasket and laminated corrugated metal gasket for forming and tightening simulation. The main difference is gasket material. Gasket material for corrugated metal gasket is SUS304 and gasket material for laminated corrugated metal gasket are Cu-SUS304-Cu.
The design parameter is shown in Fig. 2 and the level of design parameter is shown in Table 1 . The design parameter are pitch 1 (p1), pitch 2 (p2), pitch 3 (p3), thickness of base material (t1), radius (R), height (h), and thickness of laminate (t2). The optimal design is selected by using slope of contact width and axial force curve. Taguchi method is choosing to analyses the effect of each parameter design and predicts optimal design of laminated corrugated metal gasket. The L18 orthogonal array was used to design experimental matrix for seven factors with three levels. The gasket performance was evaluated using leak measurement. Fig. 3 shows the schematic diagram of a helium leak measurement system built for helium leak rate evaluation of the gasket. The vacuum method which has the highest detection ability in the helium leak measurement method was selected and utilized based on JISZ2331 standard [13] . The minimum helium leak rate which could be identified by this instrument examination was 1.0×10 -11 [Pa.m 3 /s], and the maximum was approximately 1.0×10 -03 [Pa.m 3 /s]. 
Fig.2 -Forming and tightening model for laminated corrugated gasket

Results and discussion
The simulation result of forming and tightening process are shown in the Fig. 4 . In the first stage, the dies were assumed as rigid body in both sides. Axisymmetric model was made to adopt compression displacement in axial direction on pre material gasket (initial blank) in between the top and the bottom of the dies. The second stage is the gasket shape produced by mold press is compressed in axial direction to model tightening of the gasket on the flanges. Fig. 5 shows one of the simulation results on the relationship between contact width and axial force. Based on L18 matrix, the optimal design is selected by using slope of contact width and axial force curve. Fig. 6 shows the main effect of design parameter on laminated corrugated metal gasket. The highest value for each factor shows the highest slope of the relationship between contact width and axial force. The optimum design is obtained as seen in the Table 2 . The leakage performance of previous corrugated metal gasket and laminated corrugated metal gasket are measured by helium leak test (Fig. 7) . In the previous corrugated metal gasket, in this study called as laminated 0.00 (SUS304) is shown by using black circle dot. The helium leak test result of corrugated metal gasket are denoted by using blue square dot (laminated Cu 0.1 mm), red triangle dot (laminated Cu 0.2 mm), and oblique square dot (laminated Cu 0.4 mm).
Fig. 4 -Forming and tightening simulation
Fig. 5 -Slope of the relationship between contact width and axial force
Fig. 7 -The Helium leak test results of previous corrugated metal gasket and laminated corrugated metal gasket
The laminated corrugated metal gasket produces no leak for all axial force ( 40 KN, 60 KN, 80 KN, 100 KN and 120 KN). The corrugated metal gasket provides no leak only for 120 KN and leak is still occurred in the lower axial force. Based on the helium leak data, the laminated corrugated metal gasket is better than corrugated metal gasket. The laminated gasket will filled the surface roughness of flange to provide no leak.
Conclusions
Summarizing the main findings of the simulation and experimental analysis on laminated corrugated metal gasket, following conclusions are drawn:
▪ The optimum design of laminated corrugated metal gasket was obtained. ▪ The optimal layers thickness of laminated Cu is 0.1 mm. ▪ The leakage performance of laminated corrugated metal gasket is better than previous corrugated metal gasket.
